Chronic kidney disease (CKD) is staged on the basis of glomerular filtration rate; generally, the MDRD study estimate, eGFR, is used. Renal dysfunction (RD) in heart transplant (HT) patients is often evaluated solely in terms of serum creatinine (SCr). In a cross-sectional, 14-center study of 1062 stable adult HT patients aged 59.1 ± 12.5 yr (82.3% men), RD was graded as absent-or-mild (AoM), moderate, or severe (this last including dialysis and kidney graft) by two classifications: SCr-RD (SCr cutoffs 1.6 and 2.5 mg/dL) and eGFR-RD (eGFR cutoffs 60 and 30 mL/min/1.73 m 2 ). SCr-RD was AoM in 68.5% of patients, moderate in 24.9%, and severe in 6.7%; eGFR-RD, AoM in 38.6%, moderate in 52.2%, severe in 9.2%. Among patients evaluated <2.7, 2.7-6.2, 6.2-9.5 and >9.5 yr post-HT (the periods defined by time-since-transplant quartiles), AoM/moderate/severe RD prevalences were <2.7, SCr-RD 74/21/5%, eGFR-RD 47/47/6%; 2.7-6.2, SCr-RD 73/22/5%, eGFR-RD 37/56/7%; 6.2-9.5, SCr-RD 69/24/7%, eGFR-RD 37/54/9%; >9.5, SCr-RD 58/32/10%, eGFR-RD 32/52/16%. The prevalence of severe RD increases with time since transplant. If the usual CKD stages are appropriate for HT patients, the need for less nephrotoxic immunosuppressants and other renoprotective measures is greater than is suggested by direct SCr-based grading, which should be abandoned as excessively insensitive.
The life expectancy of patients who undergo heart transplantation (HT) is steadily increasing. For the period between January 1982 and June 2006, the estimated median survival time among patients surviving the first yr after transplantation is 13 yr (1) . Longer survival brings with it a greater risk of noncardiac morbidities because of normal aging (such as diabetes), to immunosuppression (such as neoplasia and infections), and to adverse side effects of immunosuppressive therapy that do not derive directly from immunosuppression per se. In particular, nephrotoxic effects have been of concern virtually since the introduction of cyclosporine (2) . If severe renal dysfunction (RD) is indicated by a serum creatinine (SCr) level >2.5 mg/dL or end-stage renal disease (ESRD, i.e., dialysis or kidney allograft), then the current ISHLT Registry-based Kaplan-Meier estimate of the intrinsic probability of an HT patient developing severe RD is about 8% given one-yr survival and increases at almost 3% per yr thereafter (1) .
Other large studies have defined severe renal dysfunction in accordance with the guidelines published in 2002 by the US National Kidney Foundation's Kidney Disease Outcomes Quality Initiative (K/DOQI) (3) . These guidelines define stages of chronic kidney disease fundamentally on the basis of glomerular filtration rate (GFR) and recommend, as a convenient practical means of estimating GFR, the use of one or another of the equations developed by the Modification of Diet in Renal Disease (MDRD) Study Group (4). In the K/DOQI classification, severe renal dysfunction corresponds to disease stages 4 and 5, with estimated glomerular filtration rates eGFR < 30 mL/min/1.73 m 2 (or dialysis). In these terms, five-yr cumulative incidences of 10.9% and 14% were reported by Ojo et al. (5) and Lewis et al. (6) for severe renal dysfunction or ESRD.
It has long been known that serum creatinine, as a measure of kidney function, is inadequate by itself for early detection of chronic disease and for monitoring disease progression (7) , and cyclosporineinduced disease is no exception in this respect (8) . The MDRD equation is considered to afford adequate estimates of GFR for most kidney patients (3), but it is not clear that this is so for transplant patients (only one small study [9] has directly addressed this issue), and GFR appears to be no better than 1/SCr for prediction of all-cause mortality, cardiovascular mortality or kidney failure (10) . In clinical practice and research (11) , both serum creatinine and MDRD eGFR continue to be employed for evaluation of HT patients, and for the individual patient MDRD eGFR is indeed a simple function of SCr, age, sex and race. However, it is not clear to what extent the prevalences of K/DOQI-defined stages of chronic kidney disease, as diagnosed using MDRD eGFR, differ from the prevalences of degrees of renal dysfunction defined by conventional SCr cutoffs such as the 2.5 mg/dL used to define severe renal dysfunction by Taylor et al. (1) and others.
Furthermore, although numerous studies have reported that the incidence of severe kidney disease increases with time since transplantation (1, 5) , there is relatively little information on the behavior of less advanced disease stages. In particular, the only previous examination of this issue in the authors' country was a single-center study of 262 patients (12) .
In this article, we present the results of a multicenter cross-sectional study, CAPRI, in which, with the primary objective of determining the current prevalence of RD among Spanish HT patients, 1062 patients were graded for RD in accordance with both K/DOQI and conventional serum creatinine cutoffs so as to evaluate both the corresponding distributions among different degrees of RD and the changes in these distributions with time post HT.
Methods

Participants
Between October 2007 and March 2008, each of 14 Spanish heart transplant centers fed the CAPRI database with relevant data on all first HT patients aged >18 who presented during a pre-defined threemonth period for a routine follow-up examination more than 30 d post transplant (informed consent was a further condition that gave rise to no exclusions). Data were recorded for a total of 1062 patients (82.5% males) with a mean age of 59.2 ± 12.3. Time since transplant ranged from one month to 22.3 yr (mean 6.7 yr, SD 4.6 yr).
Calculation of eGFR
Glomerular filtration rate was estimated using the four-variable MDRD equation:
where SCr is in mg/dL, Age is in yr, Sex is 0.742 if female and 1 if male, and Race is 1.21 if black and 1 otherwise.
Classification
The degree of renal dysfunction of each patient at the time of the study was classified as absent-or-mild (AoM), moderate, or severe in accordance with two classifications: eGFR-RD, which used eGFR cutoffs of 30 and 60 mL/min/1.73 m 
Statistical analysis
The prevalence of each degree of renal dysfunction in the study group was evaluated using both the eGFR-RD and SCr-RD classifications. To characterize the dependence of the distribution of renal dysfunction severity on time since transplant, prevalences were also evaluated in subgroups defined by the quartiles of the time-since-transplant distribution, Q1 = 2.70 yr, Q2 = 6.17 yr and Q3 = 9.54 yr.
Results
The exclusively creatinine-based classification SCr-RD classified 68.5% of all patients as having mild or no RD, 24.9% as having moderate RD, and 6.7% as having severe RD. The K/DOQI-based classification eGFR-RD classified 38.6% of patients as having mild or no RD, 52.2% as having moderate RD, and 9.2% as having severe RD. Of the 1011 patients who were neither on dialysis nor had undergone kidney transplantation, only 66% were assigned to the same RD category by both classification schemes, and the other 341 were all assigned to a more severe RD category by eGFR-RD than by SCr-RD: of the 721 patients assigned to the AoM category by SCr-RD, 314 (44%) were identified by eGFR-RD as having moderate RD; and of the 263 assigned by SCr-RD to the moderate RD category, 27 (10%) were identified by eGFR-RD as having severe RD. Tables 2 and 3 present, for SCr-RD and eGFR-RD, respectively, the distributions among RD categories of patients with times since transplant in each of the four interquartile periods: <2.7 yr, 2.7-6.2 yr, 6.2-9.5 yr, and >9.5 yr. According to SCr-RD, three quarters of patients with time since transplant shorter than 2.7 yr have at most mild RD, and only 5% severe RD. As time since transplant increases to 9.5 yr, there is a quite gradual increase in the proportions of both moderate and severe cases, but patients with time-since-transplant longer than 9.5 yr show a more substantial change, the prevalence of severe RD rising to over 10% and that of moderate RD increasing by a third to over 32%. Even so, even after 9.5 yr, most patients (58%) are classified by SCr-RD as having at most mild RD. By contrast, according to eGFR-RD, even patients with time-since-transplant shorter than 2.7 yr are most of them suffering from moderate-or-severe RD. The proportion with moderate RD is greatest among patients with time since transplant between 2.7 and 6.2 yr, among whom it rises by 9% with respect to the previous period at the expense of the AoM category. Among those with time-since-transplant between 6.2 and 9.5 yr, the severe RD category grows a little at the expense of the moderate RD category. Finally, almost 16% of patients surviving for at least 9.5 yr have severe RD, over 52% moderate RD, and only 32% mild or no RD.
Discussion
The results of this study highlight the extent of the difference between grading HT patients for renal dysfunction using the K/DOQI system, with glomerular filtration rate estimated by the four-variable MDRD equation, and grading them using the serum creatinine cutoffs that have commonly been employed in heart transplantation programs. With moderate-or-severe RD defined as K/DOQI stage 3 or worse (GFR < 60 mL/min/1.73 m 2 ), its prevalence among Spanish HT patients is over 60%, almost twice the prevalence that results from using an SCr cutoff of 1.6 mg/dL.
The inadequacy of SCr for grading renal function derives from three sources. In the first place, the creatinine filtration rate is not proportional to SCr but to 1/SCr, which by itself would make the confidence interval for creatinine filtration given SCr quite wide at SCr levels below about 2.0 mg/dL. Second, this source of uncertainty is amplified by tubular and extrarenal secretion of creatinine, which lower SCr (13) , especially in patients with reduced GFR, in whom tubular secretion tends to increase to compensate for lost filtration (7) . Third, there is intra-and interpersonal variation in these effects and in other determinants of SCr, such as diet and body habitus, and also uncertainty in SCr measurement. The final result is that an SCr level of 1.6 mg/dL can correspond to a GFR anywhere between about 20 and about 80 mL/min/1.73 m 2 ) (7). The four-variable MDRD equation estimates GFR, normalized to a body surface area (BSA) of 1.73 m 2 , as a function of SCr, age, sex and race) (4). In effect, it uses the arguments other than SCr, and a power of SCr slightly different from −1, to account for some of the variation and bias in 1/SCr and urinary excretion as a result of the factors mentioned previously. It has not been validated among HT patients other than in a 27-patient study (9) that found it to overestimate GFR by 12%; it is no better than 1/SCr for prediction of all-cause mortality, cardiovascular mortality or kidney failure (10); and in a study of 2095 white European adults (162 of them healthy) led to a misclassification rate of over 29% when used to grade patients in accordance with the K/DOQI stages of chronic kidney disease (14) . However, it is the most reliable of all currently available means of estimating GFR without resort to biochemical analyses other than SCr (3), and among lung transplantation patients is a better pre-transplant predictor of its post-transplant decline than measured creatinine clearance (15) .
The SCr cutoff used in this study to separate moderate and severe RD, 2.5 mg/dL, was derived from the practice of the ISHLT Registry reports (1); and the cutoff used to separate AoM and moderate RD, 1.6 mg/dL, was the threshold commonly used in recent years as an indication for a patient's conversion to a less nephrotoxic immunosuppression regimen. The corresponding eGFR cutoffs were the K/DOQI cutoffs separating stage 3 chronic kidney disease from stages 4 and 2, respectively. The K/DOQI cutoff between stages 2 and 3, 60 mL/min/1.73 m 2 , was chosen because it is about half the normal adult GFR; and the cutoff between stages 3 and 4, 30 mL/min/1.73 m 2 , because in light of NHANES III data, a lower GFR is only likely to be non-pathological for neonates (3) . Although SCr and eGFR are not directly comparable (because of the influence of age, sex, race and BSA in eGFR), it seems clear from the results of this study that the SCr cutoff of 1.6 mg/dL must correspond to more advanced RD than 60 mL/min/1.73 m 2 . In adopting 1.6 mg/dL as a threshold indication for a change in immunosuppressive medication, HT physicians have accepted that a certain degree of RD is unavoidable or normal among HT patients and have only regarded RD as moderately severe, and hence indicative of a need to modify medication, when renal function has deteriorated to a relatively large extent. From a nephrologist's point of view, the absolute necessity of immunosuppression has, in effect, distorted the HT physician's perception of renal dysfunction. The discrepancy between SCr-RD and eGFR-RD prevalences observed in this study can be regarded as quantifying this distortion.
In the 1990s, several studies observed that a decline in renal function over the first 6-12 months post-HT was followed by stabilization (16) or even by improvement (17) over the following 2-4 yr (18) . Although the present study was cross-sectional, its results seem to bear out warnings that functional stability is unsustainable in the long run, because it is maintained by a progressively dwindling number of nephrons (19, 20) . Whichever of the two RD classifications was used in this study, the prevalence of severe RD increased at an accelerating rate with time since transplant, the greatest difference being seen between patient groups surviving less than or longer than 9.5 yr. Although this time dependence may have been partly as a result of advances in management, patients with long survival times having in many cases been subjected in their early post-HT yr to more nephrotoxic regimens than more recent patients, the fact that the moderate and severe RD groups are also larger for 2.7-6.2 yr than for sub-2.7-yr survival suggests that this is not the sole cause, and that even with current regimens the risk of nephropathy increases with time.
It is worth pointing out that the analysis of prevalences among patients with different survival times also shows that, although the disagreement between SCr-RD and eGFR-RD is greatest between 2.7 and 9.5 yr post-HT, it is already very considerable among patients with times since transplant shorter than 2.7 yr. Over a quarter of these patients are graded as having AoM RD by SCr-RD, but more severe dysfunction by eGFR-RD. Since remedial or damage-limiting measures, if feasible, are presumably more effective the earlier they are initiated, the greater sensitivity of the K/DOQI-based classification is potentially of particular value for these patients.
The major limitation of this study is its cross-sectional nature. As our data do not allow Kaplan-Meier estimation of the intrinsic risk of developing renal dysfunction, our results are not directly comparable with the ISHLT Registry data cited in the introduction. Nor can we report the "actual" cumulative incidence of severe or moderate-or-severe RD. A further limitation is that the MDRD equation has not been validated for HT patients and that its accuracy in the present study was not checked by determining GFR with a reference method (measurement of the clearance of an exogenous marker such as inulin, 51 Cr-EDTA, 99m Tc DPTA, or 125 I-iothalamate) (21), which is not feasible in routine clinical practice; it is this uncertainty that has prevented our drawing blunter conclusions as to the utility of SCr. However, if the most likely source of MDRD error for HT patients is their tendency to low muscle mass, then the observed differences between SCr-RD and eGFR-RD prevalences are no exaggeration, because this tendency would tend to make eGFR overestimate GFR, and so reduce the difference between SCr-RD and the K/DOQI-based prevalences.
In conclusion, the prevalence of severe RD increases with time since transplant. Assuming that for HT patients it is appropriate to grade renal dysfunction using the K/DOQI chronic kidney disease stages, with estimation of GFR by the four-variable MDRD equation, then (i) direct SCr-based grading of HT patients should be abandoned as excessively insensitive, and (ii) the need for less nephrotoxic immunosuppressive regimens and other renoprotective measures is of greater magnitude than is suggested by SCr-based grading.
